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Abstract
As companies grow, become more complex and attempt to maintain or increase their competitive advantage,
either through combining diverse operations or through mergers and acquisitions, so does the company’s need
to access information across diverse, often heterogeneous databases. Database schema integration research
is motivated by the need for companies to provide seamless access across diverse databases. The purpose of
our research is to critically evaluate the past 15 years of integration research to determine the progress and
direction of future research in this area.

Introduction
Information is becoming an increasingly vital resource in the knowledge economy. The way in which we access and retrieve this
information is becoming a key issue to many organizations. Companies are increasingly dependent upon the reliability of their
databases for accurate information as well as their ability to access this information in a timely and efficient manner.
Much research has been done in database design and integration to develop efficient databases that meet the expectations and
needs of user groups. Database technology has progressed to the point where many organizations are using databases for day-today operations, strategies and managerial applications. Additionally, distributed databases are becoming sufficiently understood,
and it is becoming increasingly expected that many organizations will adopt distributed architectures by integrating their current
diverse databases (Spaccapietra and Parent, 1994).
The increasing issues faced by organizations to use and access data more efficiently has motivated the area of schema integration
research. Batini, Lenzerini and Navathe (BNL86) [1986] examined the integration methodologies proposed in the literature, up
to 1986, which comprised ten years of research in this area. Since that time the research has taken many directions and it is
unclear if progress has been made. Although the context has clearly changed in many proposals, the progress of such proposals
is less clear.
The purpose of this research is to develop a framework for appraising database schema integration methodologies in the last
fifteen years and determine the progress and direction of such proposals. There have been nearly 200 papers published in the past
fifteen years. The approaches generally fall into one of four categories: schema integration, view integration, multidatabase
distributed integration and wrappers. Additionally, the context of these approaches is heterogeneous database systems, data
warehouses, database design and web based integration.

Framework for Analysis
In completing this research, we will categorize all methodologies proposed in the last fifteen years and critically evaluate the
contributions. We have collected nearly 200 articles in the areas of schema integration, view integration, multidatabase,
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distributed integration and wrappers. The context of these papers is generally heterogeneous database systems, data warehouses,
database design and web based integration. Approximately 80 articles have currently been reviewed and contributions noted. In
some of the articles it is difficult to assess the real or incremental contributions. However, when all articles are completed, the
evaluation will include not only an assessment of the contribution purported but also a comparison to all work that is done in each
category. A comparison is the best way to assess the true contribution.

Batini, Lenzerini and Navathe [1986]
Batini et al. [1986] performed a structured evaluation of ten years of integration research. The framework described by BLN86
analyzed and discussed the methodologies proposed up to 1986 on four major issues. These four issues are:
•
•
•
•

data model
inputs and outputs
timing of the actual integration step
the phases of integration
1. preintegration
2. schema comparison
3. schema conforming
4. merging and restructuring

They also evaluated the future direction of schema integration. The set of methodologies examined by Batini et al. [1986] only
address the knowledge needed to integrate in a very limited way. Generally, this is only a description of the inputs and not
necessarily how these inputs are represented nor specific procedures or processes to obtain the knowledge. Knowledge can be
expressed in terms of assertions, productions and inference rules. The assertions are used as inputs in many integration
methodologies. Building assertions from the knowledge contained in the databases and integration of rules is one area of limited
coverage in the methodologies examined by Batini et al [1986].
Process integration refers to the transforming of the processes related to each component schema into a set of processes for the
integrated schema. Again, like integration of the knowledge bases, process integration has received little attention in the
methodologies examined by BLN86. Finally, Batini et al. [1986] suggested the continued investigation of expert systems to
database design and in particular to schema integration. Some research to date has investigated the use of expert systems in
database design (Bouzeghoub, 1991). Until 1986, very few methodologies had been implemented and those few only to a very
limited extent. The use of expert systems, according to Batini et al. [1986] would progress the implementation of such
methodologies.

Our Framework
The main interest of our research is what progress has been made and what should be the direction of future research. Batini’s
framework is hardly adequate to evaluate the current integration research. At first an extension of this framework was considered.
However, it became clear that technological and other advances made Batini’s framework obsolete. Much work has been done
in the areas of expert systems and other decision support systems. In addition the typical business models have changed.
Organizations can store large amounts of data relatively cheaply, and are looking for ways to manage this information through
large depositories such as Data Warehouses. In addition, more and more business is conducted on the web and researchers have
investigated ways to access and integrate this information.
•

Approach and Context
First we look at the basic approach of the research contribution. Most of the research uses schema integration either federated
or global or view integration such as those used in design methodologies. These approaches may have different context and
application. The generalized contexts can be schema integration only, heterogeneous database integration, data warehouse,
web based or database design. The application context might be manufacturing, business, scientific, medical, etc.

•

Emphasis
We also will look at and evaluate the emphasis of the research. Most research usually only deals with a small aspect of the
integration process. Some methodologies look at the schema transformations and/or schema evolution. Some look at conflict
identification and/or conflict resolution. Finally others may address mapping generation or query transformation.
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•

Data Model
Batini et al. [1986] determined that the methodologies that existed in 1986 were divided into two schools with regard to the
data model used. One school used the relational or functional model and the other school used more of a semantic model.
The conclusion they reached is that using a semantic model provided a richer set and allowed more flexibility in terms of
naming and compatible and incompatible design perspectives. Data has become more complex including graphic, movie
and music. The research direction for most methodologies is clearly towards a more complex model such as Extended ER
and Object Oriented. In addition, we evaluate the common data model and whether it is translation or mapping. In translation,
each schema is translated into a common data model whereas in mapping, each schema remains intact and is not
“restructured” but rather is mapped to a common data model. The outcome is transparent to the user.

•

Assertions
In general assertions are statements of how a piece of one database matches a piece of another database. These assertions
are then used as inputs to the integration process. We evaluate whether these assertions are declarative or procedural and
whether they deal with equivalencies only or other aspects such as inclusion, intersection or subsets. Finally, we evaluate
whether these assertions are gathered through a manual process strictly or whether some sort of automation process is
developed.

•

Output
We evaluate whether the output is transparent to the users or whether some restructuring was necessary. In addition, we look
at post mapping. We evaluate whether the methodology proposed query mapping, application mapping or both.

•

Strategy
The overall strategy of the approach is evaluated. One strategy is to integrate all component schemas at once; other
approaches are two at a time. We also evaluate the impact of this approach on the overall contribution of the methodology.

•

Research Focus and Contribution
We critically evaluate all integration methodologies proposed based on the contributions the authors have claimed as well
as their contribution to the literature in general. In some cases it is difficult to assess what the contribution may be. In
addition, we evaluate whether the focus is purely conceptual or theoretical as well as whether a system is developed or if there
are any practical applications to the proposal.

Contributions
The main contribution of our paper is a concise and organized view of what progress has been made in the schema integration
research area in the last 15 years and a determination of what direction the research should be. Clearly, when the focus of business
changes, the research changes as well. Therefore methodologies have been proposed that address web based systems and data
warehouse issues. Organizations continually strive to cut costs, provide marketable services and products and stay competitive.
For most organizations, these goals are challenging in a technologically advanced environment. The growing trend towards
mergers and acquisitions as well as organizations ability to access information across diverse business units makes the integration
research vital and important. However, has the integration research kept pace with technological advances and the changing
business environments? Have real contributions been made in this area? Our research will evaluate these questions.
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